Radiation therapy is often employed for the treatment of pelvic malignancies such as prostate, rectal, endometrial, and cervical cancers. Possible complications include typical radiation-associated injuries to the neighboring organs, most commonly the urinary bladder and rectum. The pathological changes of progressive obliterative endarteritis of the small blood vessels cause acute and Background: Radiation cystitis with macroscopic hematuria is a frustrating clinical problem for urologists. Since 1985, hyperbaric oxygen therapy (HBOT) has been applied as a treatment for radiation cystitis with macroscopic hematuria; numerous studies have shown that this treatment has favorable results. Purpose: The purpose of this study was to elucidate the HBOT affected the clinical outcomes and treatment of hemorrhagic radiation cystitis (HRC). Methods: Between November 1989 and June 2014, 42 patients (39 women and three men) with HRC were treated with hyperbaric oxygen at a pressure of 2.5 atmospheres absolute, breathing 100% O 2 for 120 min in a multiplace hyperbaric chamber. Results: After an average of 38 hyperbaric oxygen sessions, macroscopic hematuria was completely halted in 35 patients (83.3%) and markedly decreased in three patients (7.1%). A comparison of cystoscopic findings before and after HBOT showed significant decreases in both hemorrhagic sites and telangiectasis of the bladder mucosa. The mean follow-up was 20.7 months (range: 3-49 months). No cases exhibited evidence of barotrauma or oxygen toxicity. One patient underwent a urodynamic study both before and after HBOT, with several changes in bladder function observed after HBOT: urine peak flow increased from 12.8 mL/s before HBOT to 15.0 mL/s after HBOT and urine mean flow increased from 6.5 mL/s to 8.9 mL/s. Urine voiding time decreased from 40.0 s to 28.0 s, urine flow time from 39.0 s to 28.0 s, time to peak flow from 15.0 s to 8.0 s, and voided volume from 251 mL to 248 mL. Conclusion: The results of this study suggest that early application of HBOT is a safe and effective treatment method for HRC. Whether HBOT is beneficial to urinary bladder function requires further study with a larger patient cohort enrolled.
chronic fibrosis resulting from cellular hypoxia. This in turn causes fragile vasculature and spontaneous bleeding that may be persistent and difficult to control.
Hemorrhagic radiation cystitis (HRC) is a serious, often refractory clinical problem that occurs after pelvic radiation therapy. HRC can occur months or even years after therapy and manifests as hematuria and associated voiding symptoms. [1] Radiation therapy has been applied successfully to treat pelvic malignancy, but morbidity from HRC remains a major long-term sequela in 1%-2% of treated patients. Comparatively, conservative techniques are sometimes considered as first-line treatment for HRC; however, because of the low long-term effectiveness of such techniques, most patients ultimately depend on more aggressive surgical procedures to control hematuria. [2, 3] Hyperbaric oxygen therapy (HBOT) has been demonstrated to improve the body's capacity for angiogenesis and fibroplasia and to facilitate healing in radiation-injured tissue, including the bladder. [2] Before 1990, 5%-20% of patients treated with radiation later developed urologic complications such as HRC, ureteral stricture, urinary incontinence, bladder ulcers, and fistula. [3] [4] [5] HRC remains the most prevalent of these complications. Several previous studies have reported methods of palliating radiation cystitis, including bilateral hypogastric artery occlusion; hydrostatic bladder dilatation; [6] intravesical instillation of formalin, silver nitrate, or alum; fulguration of intravesical bleeding sites; and urinary diversion with cystectomy. [7] Nevertheless, the following disadvantages have been observed in the aforementioned methods: Lack of efficacy in controlling hematuria, decrease in bladder capacity, pain and temporary cauterization, failure to heal ischemic mucosa, and unacceptable hazards for older patients. In some cases, hematuria may necessitate hospital admission and further clinical measures to control bleeding; however, to date, no definitive curative treatment for HRC has been developed. In the mid-1980s, several cases of the successful reversal of radiation-induced hematuria through HBOT were reported. [8, 9] Subsequently, numerous researchers have reported similar favorable responses to HBOT. [10] [11] [12] This paper describes the clinical experience of treating 42 patients with HRC, and the results of long-term follow-up for each patient treated with HBOT.
METHODS
Between November 1989 and June 2014, 42 patients (39 women and three men with a mean age of 63; range: 42-82 years) with HRC were referred to our hyperbaric facility for HBOT. The reasons for their initial radiotherapy were carcinoma of the uterine cervix (n = 39) and carcinoma of the urinary bladder (n = 3). All patients received an average radiation dose of 6,262 cGy (range: 5000-9000 cGy) to the pelvic region. Most patients were suffering from macroscopic hematuria and were evaluated through cystoscopy to exclude other possible causes of hemorrhagic cystitis.
Gross hematuria appeared on average 9.9 years (range: 2-26 years) after radiotherapy. In all patients, intravesical irrigation, antibiotics, and tranexamic acid had previously been adopted as methods of treatment, but these methods failed to control hematuria. The clinical symptoms consisted of acute hematuria, dysuria, and urgency and frequency of urination.
Before HBOT, each patient underwent routine blood and biochemistry measurements, including bleeding time and coagulation time to exclude clotting disorders bacterial cultures for secondary infections and routine urine analysis. Pelvic examinations, pap smears, and ultrasonography of the abdomen were performed to rule out possible metastasis or the recurrence of carcinoma. Cystoscopic examinations were performed to confirm diagnoses and evaluate the severity of the radiation cystitis. Initially, a Foley catheter with cold normal saline was inserted for intravesical irrigation to manage secondary obstruction resulting from blood clots. Blood transfusions were also administered if necessary. Parenteral antibiotics were used to prevent secondary infection of the urinary tract. HBOT was carried out in a multiplace hyperbaric chamber with 100% oxygen at a pressure of 2.5 atmospheres absolute, administered with a double-seal oronasal mask for 120 min, once a day, 5 days/week. The number of fractions delivered depended on the clinical diagnosis. During HBOT, patients continued to receive standard supportive treatment including wound care management. After completion of HBOT, cystoscopic examination was repeated for comparison with the previous findings.
Ethical approval
The study was conducted in accordance with the Declaration of Helsinki and was approved by the local ethics committee of the institute. Informed written consent was obtained from all patients prior to their enrollment in this study.
RESULTS
After an average of 38 hyperbaric oxygen sessions (range: 10-87 sessions) for each patient, macroscopic hematuria was completely halted in 35 patients (83.3%) and decreased in three patients (7.1%). Three patients who had complained of urinary frequency and urgency without significant hematuria were relieved of those symptoms after HBOT. One patient with diabetes mellitus and cirrhosis of the liver failed to respond to HBOT and finally underwent ileal conduit diversion. Table 1 summarizes the results of HBOT treatment on the 42 patients with HRC.
One patient agreed to undergo an endoscopic biopsy of the bladder mucosa before HBOT to confirm the pathological diagnosis of radiation cystitis. The pathological examination revealed chronic inflammatory cell infiltration in the subepithelial stroma. Hyalinization of arterioles with obliterated lumens -the typical pathological finding of radiation cystitis -was identified in the fibrotic and inflamed stroma [ Figure 1 ].
One patient underwent urodynamic study before and after HBOT. She had radiation cystitis without macroscopic hematuria and presented the clinical symptoms of urinary frequency and urgency. Therefore, we conducted the urodynamic study to detect whether there was any change in bladder function before and after HBOT. The results showed that urine peak flow increased from 12.8 mL/s before HBOT to 15.0 mL/s after HBOT and urine mean flow from The mean follow-up period was 20.7 months (range: 3-49 months). No patients experienced oxygen toxicity or barotrauma at any time.
DISCUSSION
Radiation is one of the most common methods for the treatment of abdominal and pelvic malignancies. Once the bladder is exposed to radiation, HRC has the potential to develop. Although HRC is most often caused by radiation therapy, it can also be associated with other factors. The most common symptoms of HRC are hematuria, anemia, urinary frequency, dysuria, and urine incontinence or retention because of secondary obstruction resulting from blood clots.
The results of the present study demonstrate that HRC responds well to HBOT, with control of hematuria in 90.4% of cases. In patients who experience complications after radiotherapy of the pelvis, a progressive obliterative endarteritis develops in small blood vessels of the urinary bladder, which finally develops into tissue that is hypovascular, hypocellular, and hypoxic. Subsequent tissue breakdown may take place spontaneously or may be induced by trauma, leading to bleeding. Secondary infection may further compromise tissue with resultant bleeding. HBOT has three beneficial effects which tend to resolve these problems: (a) increase of blood perfusion and tissue oxygen tensions to improve the hypoxic tissue; [13] (b) enhancement of wound healing by promoting fibroplasia and angiogenesis, the apparent dominant mechanisms in the repair of radiation-damaged tissue; [14] and (c) enhancement of the capacity of leukocytes, allowing for disinfection, and ultimate repair of compromised tissue through the production of a group of highly reactive microbicidal agents secondary to the reduction of molecular oxygen. [15] On the basis of the results, the most probable reason that HBOT contributed to the control of hematuria in 38 patients with HRC was the gradual healing of mucosal wounds after HBOT. The urodynamic changes shown in the clinical results indicate that HBOT may enhance vesicourethral compliance and improve urinary function.
Only one patient experienced a poor outcome, which was probably a result of underlying diabetes mellitus and liver cirrhosis, which compromised wound healing.
Complications of HBOT have been described as barotraumatic lesions caused by the compression or expansion of enclosed gas volumes that can be localized to the nasal sinuses, teeth, lungs, inner ears, and most commonly, middle ears. The current study results show the most common side effect of HBOT to be otalgia, which could be resolved by the Valsalva maneuver or myringotomy. In this study, no patient exhibited evidence of barotrauma or oxygen toxicity.
A possible concern related to HBOT is the fear that improved tissue oxygenation may facilitate the development of residual malignant cells and therefore increase the possibility of cancer recurrence. Feldmeier et al. reviewed the relationship between HBOT and malignant tumors, and their results suggest that HBOT has no substantial effect on the promotion of tumor growth or metastatic cell enhancement. [16] [17] [18] [19] [20] Notably, malignant tumors that thrive under hypoxic conditions seem to be more aggressive and tend to metastasize. [20] Since 1985, HBOT has emerged as a promising treatment method for HRC as reported in several studies. [13, 14] Bevers et al. assessed HBOT for the treatment of HRC (n = 40) and observed a positive response in 75% of patients. Only three patients experienced recurrent hematuria after a mean follow-up of 29 months. [21] Corman et al. assessed HBOT for the treatment of HRC in a study of 57 patients between May 1988 and March 2001 and observed a positive response in 86% of patients. All patients received an average of 33 sessions of HBOT (range: 9-68 sessions). The authors concluded the study by suggesting that HBOT is a highly effective treatment option for HRC. [22] Ribeiro de Oliveira et al. analyzed 176 patients with refractory radiation-induced hemorrhagic cystitis (to date, this study has the largest patient cohort concerning the use of HBOT for this condition) and reported that the condition can be successfully and safely treated with HBOT. [23] On the basis of the clinical results of the present study, we suggest that HBOT is an effective and safe method for the treatment of HRC.
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